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. On page 258, Cieza et al. 2 report the detection of the water snow line in the disk around a forming star, V883 Orionis (V883 Ori). Their findings reveal that the radial locations of snow lines can vary dramatically with the rate at which the star accretes matter. This has major implications for the processes that assemble material into planets.
The water snow line is the most elusive of all snow lines, because the sublimation temperature of water is high (150 kelvin for pressures at typical snow-line distances around solar-type stars) compared with those of other volatile compounds such as carbon monoxide (20 K) or methane (65 K), placing it comparatively close to the star. But V883 Ori belongs to the FU Orionis class of stars 3 , whose accretion rates vary over time. Accretion of material onto the star can occur in relatively short (up to 100 years) bursts of high activity, followed by periods of diminished accretion and relative quiescence 4, 5 . In its enhanced accretion state, the luminosity of V883 Ori increases to about 60 times that expected on the basis of the star's mass and estimated age 3 , resulting in increased temperatures across its circumstellar disk. Cieza and colleagues were able to detect the water snow line in their study because they targeted V883 Ori during a period of particularly high accretion that made the star hotter than normal, and therefore moved the line much farther from the star.
The authors used the Atacama Large Millimeter/submillimeter Array (ALMA, the world's largest ground-based observatory) in northern Chile to observe emissions from millimetre-sized dust grains and from CO gas molecules in the disk around V883 Ori. ALMA provides unprecedented resolution and sensitivity for emissions in the microwave part of the electromagnetic spectrum. The astute reader will note that the authors did not observe water itself. Making observations of A more overarching, but also more challenging, approach would be to turn away from these two-species interactions and to look at the effects on the entire food web 5 . How are the strengths of the links in a food web affected by phenological mismatches? What happens if the phenology of species at one trophic level shifts more than that of species at another? Does this lead to the loss of some links and the formation of others? Does this destabilize the web? Such analyses would be a stepping stone from studying the phenological shifts of species to understanding the effects of climate change on ecosystem function 6 . But, to complicate matters further, species' climate sensitivity is not fixed. The phenological mismatches lead to selection on the timing of phenological events. And, because phenology is often heritable, this leads to genetic change in sensitivity 7 .
It will be a major challenge to combine genetic change with a food-web approach, and to include the necessary detailed climatological projections. But it is one that must be undertaken to forecast the effects of climate change, through phenological responses, on ecosystem function. What is clear is that long time series, such as the 10,003 analysed in the present paper, are essential for this. Therefore, professional and citizen scientists -who together made the 379,000 individual phenological observations on which these time series are based -need to be encouraged and facilitated to keep up their good work. 1 of how phenology has shifted for different species groups in response to climate change is based on previous records of events collected by citizen scientists, as well as professionals.
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ASTROPHYSICS
Variable snow lines affect planet formation
Observations of the disk of dust and gas around a nascent star reveal that the distance from the star at which water in the disk forms ice is variable. This variation might hinder the formation of planets. See Letter p.258
water from the ground is highly challenging because of the high water content of Earth's atmosphere. Direct detection of water is therefore typically the purview of space-based observatories and has been used, for example, to study the disk around TW Hydra 6 , a moreevolved star than V883 Ori.
Cieza and colleagues' image of the dust emission in the disk around V883 Ori achieves a resolution of 12 au across the disk (1 au is the distance from Earth to the Sun), which is impressive, given the object's distance of 414 parsecs (1,350 light years). The disk shows two distinct regions: a bright inner disk that extends to 42 au, and a fainter outer disk extending to 125 au. The authors show that there is a sharp transition between these two regions. Because the ALMA data are extremely sensitive and their signal-to-noise ratio is high, the authors were able to measure the spectral index -the rate of change in emission strength as a function of wavelengthand find that its value changes abruptly across the radial boundary between the inner and outer disk.
A paper 7 last year used theoretical methods to predict such a sharp change in spectral index across the water snow line. The models that were used in that work assumed that dust grains outside the line are covered in water ice, increasing the likelihood of colliding grains sticking to each other to form centimetre-sized aggregates, whereas dust grains within the line lack an ice coating and so aggregate much less efficiently. The grains within the line therefore collide and fragment, making millimetre-sized grains more abundant.
Cieza et al. conclude that the transition to aggregation behaviour occurs where the temperature has dropped to below 105 K (±10%), consistent with the sublimation temperature of water expected in the interstellar medium. However, the authors' temperature estimate relies on an extrapolation based on the density of dust at the surface of the disk's inner region, and may be an underestimate. Future measurements of the inner disk at longer
METROLOGY
Schrödinger's cat beats a quantum limit
Quantum effects have been used in devices that measure various quantities, but not to measure electric fields. The sensitivity of an electrometer has now been boosted using the phenomenon of quantum superposition. See Letter p.262
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T he grand challenge of quantum technology is to engineer quantum systems to outperform their classical counterparts in every department -whether in computing, communications or sensing. On page 262, Facon et al. 1 take a stride towards this goal by demonstrating a quantum-engineered sensor, based on exotic atoms, that measures weak microwave-frequency electric fields with a sensitivity comparable to that of anything achieved previously. Even more impressively, the authors do this using a quantum trick that effectively generates 'gears' to increase the sensitivity. The trick is based on a variant of the quantum superposition phenomenon represented by Schrödinger's cat in the famous thought experiment.
Independent atoms make great sensors because the motion of their outer electrons is highly sensitive to the environment, and changes in that motion can be read out using lasers. Not only are atomic sensors sensitive wavelengths will improve the measured surface density, because the dust is 'optically thin' at these wavelengths, which means that emission from all the grains can be detected.
Better measurements of surface density should allow improved extrapo lation of the pressure, and hence of the temperature, at the radius of the snow line.
The fact that the location of the snow line can evolve with time has strong implications for planet formation. The timescales for FU Orionis-like activity outbursts are decades to centuries, much shorter than the timescales of planet-formation processes. This means that cyclical loss of icy mantles from grains in disk regions between the innermost and outermost boundaries of water snow lines might prohibit any long-term planetary growth in that region (Fig. 1 ). This in turn would confound models that predict the slow formation of rocky planets within the snow line, and rapid gas-giant formation outside it. ■ 2 observe that the water snow line for the star V883 Orionis is located at a radial distance of 42 au (1 au is the distance from Earth to the Sun), whereas the expected distance, based on the star's mass and age, is about 5 au. This suggests that water snow lines are variable and depend on the rate at which the star is accreting matter from the disk. Because the agglomeration of icy grains is a key process in the formation of giant planets (blue), such variability might prohibit efficient giant-planet formation within the disk region bounded by the inner and outer snow lines. Rocky planets (brown) could still form within the snow line.
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